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Abstract
A human reliability analysis (HRA) is defined as "any method by which human reliability is estimated” [1, p. 301] and generally 
consist of three parts: 1) identifying possible human errors and contributors, 2) model human error, and 3) quantify human error 
probabilities. Many HRA methods quantify human error probabilities through the use of performance shaping factors (PSFs) that 
increase or decrease these probabilities. One of the factors that are often evaluated is the quality of the human machine interface 
(HMI) and how it affects performance. However, as evaluating HMI can be a complicated task the descriptions found in HRA 
methods are often not sufficient to perform the evaluation. This problem has increased lately as most current HRA methods are 
based on classical non-computerized control rooms creating a mismatch between the descriptions and the real world [2]. In this 
paper different HMI evaluation methods are discussed in terms of their usability in situations where the descriptions provided in 
HRA methods are not sufficient.
© 2015 The Authors.Published by Elsevier B.V.
Peer-review under responsibility of AHFE Conference.
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1. Introduction
The Petro-HRA project [3]is currentlyadapting human reliability analysis (HRA) to the petroleum industry. This 
will lead to a new HRA method named PetroHRA. The quantification part of the method is mainly adapted from the 
Standardized Plant Analysis Risk – Human Reliability Analysis (SPAR-H)[4]. SPAR-H is a quantification method 
and it does not go into detail on aspects outside of the quantification, therefore other methods and approaches are 
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used for HRA steps such as data collection, scenario modeling, task analysis and in depth PSF evaluations. To find 
the most suited method or approach for data collection and evaluation of HMI we have in this paper reviewed
existing methodology and approaches to human-machine interface (HMI) evaluation, and recommendations are
made in terms ofhow they can contribute to evaluating HMI in anHRA setting.
1.1. HMI
In this paper we define HMI as the system-interface the operator is working with. The system-interface can be
both an analog hard-wired system, with knobs and levers, and a computerized interface.Several accidents that have 
gone on to become the most commonly referred towhen discussing “human error”, “human failure” or “operator 
error” have had HMI-elements as partial causes [5]. At Chernobyl the operators failed to understand the information 
the HMI was designed to provide them with, while the operators at the Bhopal plant failed to identify the situation 
they were in partly due to a lacking gauge and a missing control panel (possibly removed for maintenance), and at 
the near accident at Three Mile Island a long list of HMI related issues were uncovered in the investigations that 
followed: poor instrument placement, inconsistent instrument functioning, contradictory and contra intuitive use of 
colors, lights, levels and knobs (see [6, 7, 8]for more exhaustive list). These cases and the investigations that 
followed have been very influential in the increased focus on human factors in high risk industries and in the 
development of HRA. HMI problems, while as mentioned being present in many of the accidents, have however not 
had a prime role in most HRA methods. THERP (Technique for Human Error Rate Prediction[9]) could be seen as 
an exception to this as the interaction between man and the system is one of its main focus areas. However,as the 
method is created for the design and ergonomic factors in a hard-wired analog system makes it difficult to use the 
tables and valuesfrom THERP in the computerized control rooms seen in the petroleum industry today. This issue 
could be one of the reasons why other HRA methods have not focused onHMI; the fact that HMI is often different 
between industries, different within industries and always changing as the technology and the systems change.
Another possible explanation could be that some of the issues related to HMI has simply not been considered to one 
of the important factors in typical HRA scenarios; the Good Practices for ImplementingHuman Reliability 
Analysis[10] states on the ergonomic quality of the human-system interface: “This is generally not an important 
factor relative to main control room actions since, given the many control room design reviews and improvements 
and the daily familiarity of the control room boards and layout, problematic HSIs have been taken care of or are 
easily worked around by the operating crew. Of course, any known very poor HSI should be considered as a 
negative influence for an applicable action even in the control room” [10, p. B-7].
1.2. SPAR-H
An HRA is defined as "any method by which human reliability is estimated” [1, p. 301] and generally consist of 
three parts: 1) identifying possible human errors and contributors, 2) model human error, and 3) quantify human 
error probabilities (HEPs).SPAR-H is a method for the third part; quantifying HEPs or in other words estimating the 
likelihood that an operator will succeed or fail in a task. SPAR-H was developed by Idaho National Laboratoriesand 
funded by the U.S. Nuclear Regulatory Commission. The method was created as a simplified method based on 
THERP [9, 11]. The simplification also meant a shift in quantification approach from the large amount of tables 
(with HEPs and PSFs) in THERP to an approach that was based two nominal HEPs (action and diagnosis)
multiplied with eight PSFs in SPAR-H. This technique was also more suited for adaptation and part of the reason 
why SPAR-H was suggested as a method to adapt to the petroleum industry [12]. The purpose of an HRA can differ, 
but the typical use is to calculate the probability of an initiating event (e.g. a gas leak) leading to a major accident in 
a scenario where an operator has a safety critical role. Scenarios that occur between an initiating event and a major 
accident are referred to as post-initiating scenarios. The scenario is modelled using logic gates (AND- and OR-gates)
which connects all the tasks in the scenario. Each task is then quantified using the three to five levels connected to 
each of the eight PSFs in SPAR-H providing a HEP for each task.The use of logic gates ensures that an estimate for 
the entire scenario is also provided once all the tasks are quantified. The process of conducting an HRA using 
SPAR-H can seem like a very simple questionnaire-like process where the analyst simply selects a level in the PSFs 
he or she finds the most important and simply report the HEP values that the SPAR-H formulas provide. While there 
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are surely cases of HRA being conducted in this way, such an HRA is likely to be rather worthless. Performing an 
HRA properly is a time-consuming exercise where the information used to rate the PSFs is collected through site 
visits, document analysis, interviews and workshops. One of outputs is the numbers provided by the quantifications, 
but we would argue that the real value is in the quantitative information on why PSFs were rated like they were and 
the recommendedimprovements.
1.3. The suitability of Ergonomics/HMI in a computerized control room
The PSF in SPAR-H that covers HMI is the Ergonomics/HMI PSF. In a previous paper [2] evaluated the 
suitability of the Ergonomics/HMI PSF from SPAR-H in a computerized control room. In the interviews conducted 
of HRA analysts who had used SPAR-H in the petroleum industry three main themes were found [2]:
x Difficulties in reducing everything related to ergonomics and HMI into the choice of just one level (especially if 
the HMI is generally good but poor in terms of a specific task).
x Lack of reference points when selecting a level.
x Low inter-rater reliability.
In addition to these problems a literature review found that SPAR-H was likely to produce optimistic results 
when used in a computerized control room. Rasmussen and Laumann [2] concluded that the Ergonomics/HMI PSF 
should not be included in the PetroHRA method as it is presented in SPAR-H. Recommendations of how to reduce 
these problems have been made[13]by splitting the Ergonomics/HMI PSF into two PSFs; Ergonomics and HMI, by 
adding a more thorough description of what the analyst should be looking for, by specifying that the analyst should 
only consider how the PSF effect performance in the specific task and by evaluating existing methods and 
approaches of evaluation; which is what is done in this paper.
2. Method
Existing HRA data collection techniques and HMI-evaluation techniques and methods were found through good 
practice guidelines and Boolean searches in Google Scholar. The techniques and methods were then reviewed in 
terms of how they could contribute to an HMI-evaluation that focused onthe needs of an HRA and compared with 
the results from interviews of HRA analysts [2].
3. Results
The ideal methodology for evaluating the HMI in an HRA setting would be a fast and easy-to-use approach that 
provided a valid and reliable estimate of how the HMI increased or decreased the likelihood of failure in a specific 
task, while also being flexible enough so that the specific task could be any task. Unfortunately, to our knowledge, 
no such method or approach exists. There are however several methods in both existing HRA data collection and in 
other fields that could provide input into how HMI could be evaluated in an HRA setting.
While some of the methods that were reviewed in this paper are well integrated into practical use and some have
been the subject of serious research there is a lack of common set of terminology and definitions across the fields 
reviewed. This could easily lead to confusion as many practical guidelines only refer to the methods by name 
without providing guidance on how the methods should be conducted. For example could the process of having an 
operator show each of the steps he takes to complete a scenario in the control room while explaining what he is 
doing be called a walkthrough [14], a walkdown [10], a talk-through [10] or a think-aloud [14, 15](abbreviated to 
TA, which only adds to the potential confusion as HRAs often include Task Analysis as well [10]). In practical use 
these methods are likely to be altered to fit the preference of the analyst and the terms are likely to be used 
interchangeably. In this paper we have chosen a stricterdefinition for each of these terms and reviewed what they 
can contribute to the HMI evaluations.
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3.1. Walkdown
A walkdown is one of the three activities the Good Practices for ImplementingHuman Reliability 
Analysis[10]recommend being conducted in addition to document reviews (the other two being talk-through and 
simulator exercises). A walkdown is conducted as part of a site visit and starts with the analysts having an idea of 
how the scenario would be solved and which tasks it includes in the form of a flow-chart. Preferably a group of 
appropriate personnel, and not only individuals, together walk-down every aspect and task of the scenario 
explaining what they would do while they actually show how they would do it in the control room. The analysts 
should expand and correct their flow-chart as they go through the scenario [16].
3.2. Talk-through
A talk-through is the second activity recommended in the Good Practices for ImplementingHuman Reliability 
Analysis[10]. The content is similar to a walkdown, but is a purely vocal method which means that it does not 
require the operators to actually show how the actions are conducted while they explain it, and the method does not 
have to be conducted onsite. While a talk-through would not be as time consuming as a walkdown, it is likely to be 
less detailed in areas such as HMI, as the method is not necessarily performed with the HMI available.
3.3. Simulator exercises
Simulator exercises are the third activity recommended in the Good Practices for ImplementingHuman 
Reliability Analysis[10]. Simulator exercises are described as observing near-real crew activities. A realistic 
simulator exercise could provide the analyst with detailed information on how the scenario could be handled, 
communication between operators, a timeline for the scenario, the use of procedures and if a sufficiently near-real 
HMI is provided it could be an important data collection opportunity to collect the data needed to rate the HMI PSF. 
The validity of findings from simulator exercises is always questioned are there are always some aspects that differ 
from real situations, such as the fact that the operators are aware that they are in a simulator.
3.4. Table-top discussion
A table top discussion is often conducted after the analyst has a rather good idea of how a scenario would be 
solved and which tasks it includes.It is often performed at another location than the in the control room. Operators 
and others involved are given flow chart diagrams, a narrative description of the scenario and any additional 
material needed for the discussion. The scenario is then discussed, often going through it in the same linear fashion 
as the scenario would play out in real-life. The advantage of a table top discussion is that it allows parties that have 
not been present during the onsite data collection to contribute. The fact that the analysis is conducted offsite can be 
an advantage, as getting access to control rooms can be challenging, especially in an industry such as the petroleum 
industry where many of the platforms are in the middle of the ocean. The fact that the table-top discussion is 
performed offsite is also a drawback. When evaluating the HMI, screenshots are often used as part of the additional 
material provided, however some information is likely to be lost when using screenshots instead of a functional 
HMI. As a stand-alone method for data collection for an HRA a table-top discussion is likely to have rather large 
shortcomings, and it is not recommended that it should be used as such. Rather it is used as a method for confirming 
data collected from interviews, document reviews and walkdowns [10]
3.5. Usability tests
One of the most frequent measures of HMI quality is usability. While usability is not synonymous with 
promoting safe or reliable performance there are overlaps between the concepts. In a survey of practitioners that had 
conducted usability tests in the last six months two of the four most common measures were very relevant for an 
HRA; task completion (used by 84%) and error rate (45%), one was somewhat relevant; task time (33%), and the 
last one would not be very relevant for an HRA; satisfaction measures (80%) [14].
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There is a long list of methods that have been created to evaluated the usability of HMI in a questionnaire-like 
fashion under the of usability scales [17], ranging from three to at least 50 items [17]. One of the most used methods 
is the he System Usability Scale (SUS). SUS was created by Brook [18] to serve as a quick and dirty usability scale
(his own words in the chapter title; SUS – A quick and dirty usability scale; [18]) of any product, service or system. 
The SUS has seen use a wide range of industries, referenced in over 2500 articles (citations tracked by Google 
Scholar) and was found to be a “highly robust and versatile tool” in a review of over 200 studies using the scale [17, 
p. 574]. The scale is constructed from ten items (rated on a likert-scale from strongly disagree to strongly agree, 
with items 2, 4, 6, 8 & 10 scored reversed):
1) I think that I would like to use this system frequently
2) I found the system unnecessarily complex
3) I thought the system was easy to use
4) I think that I would need the support of a technical person to be able to use this system
5) I found the various functions in this system were well integrated
6) I thought there was too much inconsistency in this system
7) I would imagine that most people would learn to use this system very quickly
8) I found the system very cumbersome to use
9) I felt very confident using the system
10) I needed to learn a lot of things before I could get going with this system
3.6. Think-aloud
The think-aloud method is a method where a subject solves a task while describing all his actions and thoughts.  
Think-aloud is another popular method in usability testing, but it has been used with several purposes.The early use 
of the think-aloud method was seen in psychology at the start of the 20th century, with the most notable use being in 
cognitive psychology experiments of short-term memory [19] and in the theories of early psychologist who believed 
that the only object of interest for psychology should be the events of the consciousness [15]. Since then the method 
has been used in psychological research, educational research and several aspects of the interaction between users 
and computer systems. Think-aloud has become an important method in HMI evaluation and has been given credit 
as an important reason to why usability testing has become the most influential usability engineering method 
[20].Think-aloud is widely used and is generally positively regarded by practitioners [21, 22]. It has also been found 
by some to be the method that identified the most problems [23]. There is a comprehensive guideline on the think-
aloud method that includes the history of the method andrecommendationson how to use it [15]. One of the 
recommendations made is that think-aloud session should always be recorded and transcribed. The analyst should 
also review his or her own performance in how the questions were asked to evaluate if the questions could have 
interfered with the answers received. The session should preferably be in the native language of the subject as it is 
likely that important information could be lost if the subject feels uncomfortable in speaking the language or has to 
translate his/her thoughts before speaking. Another specific advice is that the analyst should not interfere with the 
subject while he/she is speaking [15].
3.7. Heuristic evaluation
A heuristic evaluation is an expert judgment method of testing based on “looking at the interface and passing 
judgement according to ones own opinion” [24]. Heuristic evaluations are described as something everyone does 
every day to a certain degree, but that the results are likely to be better if an expert is used [24].An experiment that 
included different techniques for HMI evaluation of software found that heuristic evaluation techniques performed 
by several specialists uncovered the most serious problems with the least amount of effort [25]. The authors
however also emphasis the problems of the techniques as being very costly and difficult to perform as it could be 
hard to find appropriate experts. While several lists of things to look, and “rules-of-thumb” [20] exist, the technique 
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has received criticism for relying too much on expert knowledge and that the method lacks a detailed description of 
how to perform the evaluation [14].
4. Discussion
4.1. Potential use of the methods in HRA
Several of the reviewed methods have aspects that could contribute to the evaluation of HMI. Unfortunately, 
there are few review-studies and meta-analyses the compare the effectiveness of the different methods and none that 
use have compared them in a measurement relevant for HRA.
The first method recommended by the Good Practices for ImplementingHuman Reliability Analysis[10]; 
walkdown is the method that most HRA analysts interviewed earlier in the PetroHRA-project had conducted, this 
was often followed by a workshop containing a table-top discussion. This seems to be a practical way to conduct the 
data collection for both HMI and the rest of the HRA, but the interviews also revealed that there are large 
discrepancies in how the walkdown and the table-top discussion were conducted. These discrepancies could be 
reduced through more and better guidance on how to conduct the qualitative data collection.
None of the interviewed HRA analysts had used simulators as part of their data collection. There are several 
practical obstacles in using simulator exercises such as; a realistic simulators existing, a realistic simulator being 
available, having suitable participants available, and having enough resources and time available. While these 
obstacles could make simulator exercises less realistic to perform in an HRA setting, they could potentially be a 
great source of information. Not only would observing the scenario provide information likely not to be captured in 
a walkdown, simulator results could also be used to refine and calibrate HRA values in the long term.
Usability scales require an actual use of the system or product in its intended use. In terms of an HRA the actual 
use would be in a post-initiator scenario, and it would be very unlikely that the operator would ever have been in 
that situation, and even more unlikely that it would happen while the HRA-analyst was present. The only realistic 
way to use a usability scale for input into the quantification part of an HRA would be through the use of simulators.
A usability scale could be used if a simulator exercise was used but itwould mostly provide information on the 
general opinion on the system, but that information would only be included as additional information and not be a 
part of the HRA quantification. While this could provide interesting information it is not likely that it would provide 
information relevant for the HRA. In an HRA setting the goal is to evaluate how the HMI affects performance in 
each of the specific tasks. The questions in the SUS are better suited for an evaluation of the system as a whole and 
not for evaluating whether the HMI increased or decreases the likelihood that an operator will succeed at a specific 
task.
The think-aloud method is similar to the walkdown and similar to what HRA analysts reported that they had done 
in their data collection. The advantage of the think-aloud method is that it has comprehensive guidance on how it 
should be conducted [15]. This has limited the variations in use and allowed reviews and meta-analysis to evaluate 
its effectiveness. We believe that using some of the recommendations from the think-aloud guidance could add to 
the walkdown approach that has been used so far. One advice from the guidance that we would not recommend 
following is the advice not to interfere with the subject while he or she is talking. While we believe that this would 
be good advice in cases were problem solving is the area of interest, we believe that in an HRA setting where an 
operator is going through an HMI that he or she is very familiar with it might bring valuable information to ask 
questions where the operator seems to skip explaining some steps or where additional information can be obtained 
by asking “what if”-questions to things such as part of the HMI not responding as predicted or systems failing to 
perform as planned.
In terms of use as part of an HRA it is unlikely that there would be resources available for a heuristic evaluation 
performed by HMI experts and as the evaluation is based on the expertise and knowledge of the experts it is difficult 
to find specific advice from this evaluation technique.
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4.2. Specific advice
Several of the reviewed methods have aspects that could contribute to the evaluation of HMI. Based on best 
practices and the methods reviewed these are the advice we have for HMI evaluation and the continued work of 
suggesting guidance for the PetroHRA method.
x Simulator exercises with a realistic HMI combined with the walkdown or think-aloud method would probably 
provide the best results.
x Using the walkdown or think-aloud method the analyst should have an operator go through the scenario in 
question while simultaneously showing how he or she would conduct the actions in the HMI. This should allow 
the analyst find problems the operator is likely to run into while conduction the tasks. A table-top discussion or a 
talk-through can be used after the walkdown or think-aloud, but it should not be the only source of information as 
it is unlikely to give sufficient information regarding how the HMI affects performance.
x Having more than one operator go through the scenario will increase the validity of the results.
x Use video or audio recordings of the time spent with operator (if allowed). Notes are generally found not to be 
detailed enough and analysts have been found to often overlook important problems due to seeking confirmation 
of problems they are already aware of [26]. This can be reduced through both having two analyst present during 
the time spent with the operator and through using recordings after the session.
x Challenge the person being interviewed with follow-up questions during the scenario walkthrough. This could 
uncover both HMI-issues that have not been mentioned before and possibly uncover potential deviation scenarios 
that could be included at a later stage in the HRA-process.
x The HRA analysis will greatly benefit from having two HRA analysts. Have both HRA-analysts independently 
interpret the data that is gathered. This should increase both the reliability and the quality of the evaluation.
x Always have in mind that question that should be answered is how would the HMI influence the operators 
performance; and how likely (if at all) would it be that the operator would be able to complete the task using the 
HMI.
x While the only information that will be used in the quantification is how the HMI influence the operators 
performance in this specific task, other HMI issues or problems that are found during the analysis should be 
included in the qualitative information that is provided alongside the quantifications.
x We would not recommend using usability scales for the HMI evaluation as they tend to evaluate the entire system 
and not individual task as is evaluated in HRA.
x A list of HRA specific items that should be evaluated should be created for the PetroHRA method. 
5. Conclusion
The walkdown and the think-aloud method followed by talk-throughs or a table-top discussionis considered to 
have the most potential for use in an HRA setting. These methods resemble the approach used by the interviewed 
HRA analysts, but as they had no standardized guidance there were large discrepancies in their approaches. A 
standardized guidance should be used both in the data collection and evaluation of all PSFs, including HMI. This 
paper has provided some advice towards that guidance. 
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